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ABSTRACT 


The stethoscope is a piece of medical standard equipment that isused by 
a physician for an initial examination of the patient. Generally, the stethoscope 
is used for auscultating sounds which are generated by the workings of organ 
systems such as cardiac, lung or digestive. In the present condition with 
the growing number of the patient population, it has an impact on the burden 
of hospitals and medical practitioners. So that treatment is not optimal, 
especially patients who need continuous monitoring. Thus it needs a system 
that can work dynamically, flexibly and remotely based. This paper focuses 
on the implementation of the electronic stethoscope which is integrated with 
a mobile phone as the modality of online data transmission through 
the internet network. The prototype of an electronic stethoscope uses 
condenser mic, pre-amplifier, wide bandpass filter (20 Hz-1 KHz) and audio 
amplifier. The maximum gain is 28.63 dB in the 20 Hz-690 Hz frequency 
range. The signal output can be connected to the android mobile through 


the jacked phone to be stored in MP3 format and then sent to the cloud 
server for further monitoring and analysis. The application called “Steder’’ 
supports realtime communication between patient and physician for medical 
check-up, consultation, and discussion activities. 
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1, INTRODUCTION 

The stethoscope is the main device of medical practitioners [1], commonly used to determine 
the initial condition of the patient's health. Object observations are usually the sound of heart, lung 
and digestive organs. This technique is usually called auscultation [2]. To improve the quality and demands 
of data recording, an electronic stethoscope device was developed. An electronic stethoscope with 
a loudspeaker allows the sound to be heard clearly in real-time [2-5]. Electronic stethoscopes are becoming 
a new challenge in the medical device industry that can improve the efficiency and capability of captured, 
stored and played back [2]. With the existence of electronic stethoscope technology, someone can check their 
own health condition then consult with medical experts by sending sound recordings. 

Recently, people's awareness about the importance of health is more considerable by conducting 
regular checks and consultations to the physician. However, some others with their occupations sometimes 
do not pay attention to the health condition of their own body. Some people feel sick, but they can not afford 
to go out, the solution is to take a rest at home or try to treat themselves. Surely if this does not get the right 
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action can make the condition worse. To solve the problem, an integrated system is needed to facilitate 
patients and medical practitioners to monitor via desktop PCs as in research [1, 6-9]. 

On the other side, the advancement of the internet of things (loT) technology and applications that 
support smartphones has become one of the main issues. One of them is android smartphones that reach 
a hundred million users. Smart applications on mobile phones have provided many benefits and make it easy 
for users. Devices or objects in the world to be connected through the internet based on IoT Technology [10]. 
Applications in the medical field can be called the internet of health things (IoHT) [11, 12] or Internet 
of medical things (IoMT) [13]. In the present real situation, the population continues to grow and the related 
rise in chronic illness affects the burden on hospitals, doctors, and nurses [14, 15]. This can also have 
an impact on the patient's limited interaction with the doctor and the difficulty of monitoring the patient's 
health continuously, especially in patients with serious illnesses. 

Some research has proposed a monitoring system of the body's vital parameters (for example heart 
rate, respiratory rate, oxygen saturation, blood pressure or body temperature) based on IoT [16-23]. 
However, less research has proposed an IoT-based auscultation system. Related research to electronic 
stethoscopes with cloud server systems has been proposed in [24, 25], which is PC-based data processing. 
This system certainly has low mobility because it depends on the PC. Therefore in this paper, we propose 
an integrated auscultation system that has high mobility. This is considered to be very necessary due 
to the lack of resources related to the auscultation system in the IoT application. An electronic stethoscope 
that is integrated with mobile Android can be used as an alternative for medical monitoring applications. 
This study discussed the design of electronic stethoscope hardware and android applications that can record 
stethoscope sound, convert to mp3 format and send the sound file to the cloud server to be accessed online 
through the internet network. 

The design of the electronic stethoscope in this research consists of a condenser mic mounted 
on an acoustic stethoscope tube, pre-amplifier, wide bandpass filter (20 Hz-1 KHz) and an audio amplifier. 
The electronic stethoscope is connected to the mobile device through the jacked phone then through 
the application, the sound of the examination results can be recorded and converted to MP3 format to be sent 
to the internet cloud. Patients will send the data to the doctor so that doctors can provide the diagnosis in 
real-time using the mobile application. This system is expected to support the application of telehealth 
monitoring and awareness of a person to health to improve the quality and health services. 

The rest of the paper is organized as follows. Section 2 describes the proposed system which was 
designed and realized in this study. Section 3 explains the result and discussion of this study. 
Finally, section 4 is the conclusion of this study. 


2. PROPOSED SYSTEM 

The proposed system consists of an electronic stethoscope and an application called “Steder” 
(stethoscope reader) on the Android mobile phone. The electronic stethoscope takes sound and converts 
to electrical signals to be processed, stored and sent to the cloud by Steder. Steder application runs on an 
Android-based smartphone using minimum version Ice Cream Sandwich. The application is integrated with 
Google Firebase as the cloud database server. Where all patient data will be stored in the Firebase Real-Time 
Database, meanwhile the results of sound recordings will be stored in the Cloud Storage feature in Firebase. 
This system involves patients and doctors or nurses. Of course, they are responsible for the availability of this 
service from initiation to the application running. Ownership of electronic stethoscope hardware will be 
charged to the patient. Patients or their families have previously been given simple knowledge and training 
on the use of a stethoscope and auscultation techniques so that they can carry out their examinations. 
Guidelines in the form of text and images are of course also provided. The patient will record the sound 
of heart, respiration or other body regions and finally complete the form as a requirement to consult with 
a doctor. If the patient has finished recording and filling out the form of consultation, then the patient will 
send the data to the doctor. Doctors will retrieve or download recordings from cloud storage. Then the doctor 
will read the patient’s symptoms and analyze the recorded sound. Finally, the doctor will send the diagnosis 
to the patient. The illustration of the proposed system can be seen in Figure 1. 


2.1. Electronicstethoscope design 

Electronic stethoscopes are the main devices in this proposed system. The stethoscope is designed 
for the acquisition of heart sound, respiratory and other body regions in the range of 20-1000Hz. 
The maximum output current is 1.3 mA, this is adjusted to the audio phone's current input. The components 
used for the design of electronic Stethoscope are membrane, condenser mic, pre-amplifier (gain 26 dB), 
wide bandpass filter (20-1000Hz), audio power amplifier (gain 2 dB) and jack phone. 
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Figure 1. Proposed system 


2.2. Stethoscopereader (steder) application 
Steder is an Android-based mobile application. This application has a feature that can record sound 
from an electronic stethoscope. Through this application, sound recordings can be stored, downloaded 
and played back so that doctors can analyze the patient's health condition. The output of this application 
is a data file, whether it is patient data or sound record in MP3 format. The flow process of this application 
is described in Figure 2. The flow process of this application is as follows. 
- Users must register before login and input data such as name, date of birth, e-mail and password. 
- Login according to user authorization whether patient or doctor. The doctor's data will be verified first 
by the admin before the doctor can log in as a user. 
- After login, patients and doctors can send messages to each other, make complaints on the patient's side 
and the doctor can send a diagnosis. 
- Patients are required to choose a doctor according to the list. 


Steder Application 


C most Form Diagnosis 
<<include>> 
{ a 
fmt Consultation 
5 a <<include>>. << include>> 
i Create Message 





<include>> yo 


r _*<include>>" 
Login 
<include>>. 8 
Patient Create Message 





Doctor 





Data Verification 


Admin 


“ 





Figure 2. Use case diagram 


The design of the site map application on Steder shown in Figure 3. It can be seen that in 
the application several menus are related to each other. Where the menus are grouped by user authorization. 
As is known user here is grouped into two groups of patients and doctors. 
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Figure 3. Site map application 


2.3. Testing scenarios 

The performance test on this proposed system is hardware and application testing. 
Electronic stethoscope hardware testing includes gain, filter response, and signal form. Tests performed on 
the application are minimum operating system requirements, voice recording, functionality, integration 
testing on firebase, download and upload testing, delay, and conformity of audio files. Based on Figure 4, a 
test perform is conducted involving two sides of the user ie patient and doctor. The parameters tested are all 
functionalities both hardware and applications, delay and integration with Firebase. 


@Nez|> Ee@ 


PATIENT FIREBASE DOCTOR 


Internet 





Figure 4. Performance test 


3. RESULTS AND DISCUSSION 
3.1. Hardwaretesting 

Testing and analysis of an electronic stethoscope are conducted to determine the performance 
capability of the device that has been realized. Measurement of each part of this electronic stethoscope uses 
DC power supply, function generator, and oscilloscope. Hardware testing includes filter response, 
amplifier and auscultation test. Filter measurements aim to find out the cutoff frequency and frequency 
response generated by HPF and LPF functionalized into BPF filters. Measurement of filter response was 
done by using the function generator and oscilloscope. The input signal voltage is kept constant at 1.05 Vpp 
while the output frequency is measured. The cut-off frequency is determined when the output voltage 
is 0.707 Vpp. The BPE frequency response is shown in Figure 5. 
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Figure 5 shows that the realized BPF has a lower cut-off frequency of 20 Hz and an upper cut-off 
of 960 Hz. For lower cut-off frequency results are obtained according to design and upper cut-off frequency 
lower than ~40 Hz when compared to designs with a bandwidth of 20-1000 Hz but these frequency bands 
still meet to pass the heart and breathing sounds. In the measurement of the audio amplifier circuit obtained 
the following results: 

- Input Level > 3 Vpp 

- Output Level :6 Vpp 

So that the gain of the audio amplifier is 2 times or 3.01 dB. This output voltage is sufficient as an input 
analog audio signal on the smartphone. Then the overall performance of electronic stethoscopes was tested. 
This measurement can be known as the sample signal output sound of heart and breathing through 
an oscilloscope. The results of the measurement can be shown in Figure 6. The results of the measurement 
can be shown in Figure 6. 
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Figure 5. The frequency response of BPF Figure 6. Heart sound signal on the oscilloscope 


3.2. Application testing 
3.2.1. Minimum version of android 

The designed Steder app will run optimally on the minimum version of the ice cream sandwich 
(Ver. 4.0). Testing is done using 5 smartphones that have different android versions with the purpose to know 
the success of the installation. Test results can be shown in Table 1. Steder application data size of apk 
format that is equal to 4.05MB. While after the installation process, the memory capacity used by this 
application is 19.9 MB. Application steder requires 42MB of RAM space when running. From the test results 
shown in Table 1, the smartphone that has the operating system version under ice cream sandwich that 
is honeycomb, can not install steder app. Based on the results of the test in Table 1, the application made is in 
accordance with the initial design. 


Table 1. Android minimum version test result 


Version Installation 

Honeycomb Not installed 
Ice Cream Sandwich installed 
Jellybean installed 
Kitkat installed 
Lollipop installed 
Marshmallow installed 
Nougat installed 


3.2.2. Application integration with database 
Tests conducted to find out the features on the application can run well and following the application 
interface and database that has been created. 
- Application integration with authentication 
This authentication process is useful for the user login process to application. The authentication 
process is done on the database to match the user ID and password so that the user can access 
it according to their authorization. In the database, the user account is encrypted to strengthen system 
security as seen in Figure 7. 
- Application integration with real-time database 
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This test was done to ensure that the data sent is data stored in the Firebase Real-Time Database. It aims 
to simplify the system in the retrieval and storage of data in real time. The data successfully stored in 
the database can be seen in Figure 8. 





Identifier Created Signed In User UID 4 
dienyrofiatul@amail.con May 29, 2018 Nov 26, 2019 2IRnAyu7 80NGoGOEARuMICOObjb2 
pl Ni | 
asrilibrahir ul f RT6MCT5AgledODX5fOUVAJ971 
in 23, 2 f 2 PGPDoSQNUAKXFnLTDW3On 
iq) } n F IrRmR ppl FH 
5 Jun 30, 2018 Aug 16, 2019 WlicKf9vTQoKmeuwerCCP2XaE42 
amail.cor UI Ni 7,201 \}WTOMVaYCrDDPMNEaTr 


Figure 7. Firebase authentication 
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Figure 8. Stored data 


3.2.3. Audio file size testing 
This test is done to determine the size of the audio file uploaded to the database. The test was 
performed by recording stethoscope sounds for 60 seconds at 20 experiments. The results of the test can 


be seen in Table 2.From Table 2 above it is concluded, the average file size of sound recording in 60 seconds 
is 734,187 bytes. 
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Table 2. Sound recorder size 


No File Name Size No File Name Size 
1 01636AudioRecording.mp3 733,997 bytes 11 33310AudioRecording.mp3 734,206 bytes 
2 02817AudioRecording.mp3 734,187 bytes 12  40317AudioRecording.mp3 734,231 bytes 
3 04742AudioRecording.mp3 734,298 bytes 13. 41331AudioRecording.mp3 734,135 bytes 
4 18829AudioRecording.mp3 734,341 bytes 14 59144AudioRecording.mp3 733,762 bytes 
5 22508AudioRecording.mp3 734,184 bytes 15 66410AudioRecording.mp3 734,161 bytes 
6 24824AudioRecording.mp3 734,207 bytes 16 71677AudioRecording.mp3 734,296 bytes 
7 25549AudioRecording.mp3 734,235 bytes 17 73085AudioRecording.mp3 734,223 bytes 
8 27184AudioRecording.mp3 734,180 bytes 18  76534AudioRecording.mp3 734,305 bytes 
9 31866AudioRecording.mp3 734,147 bytes 19 92075AudioRecording.mp3 734,241 bytes 
10 33211AudioRecording.mp3 734,227 bytes 20 99278AudioRecording.mp3 _ 734,184 bytes 


3.2.4. Download file testing 

Audio download test aims to know that audio files that are in cloud storage successfully downloaded 
by a doctor. The results of this scenario test can be seen in Table 3. From the test results shown in Table 3, 
it can be concluded that the audio playback on the side of the doctor in accordance with system design. 
So the audio played following the patient file being observed. 


Table 3. Audio file download 


No File Name Download File Status _ File Playback Compatibility 
1.  15843AudioRecording.mp3 Success Match 

2.  28235AudioRecording.mp3 Success Match 

3. 40268AudioRecording.mp3 Success Match 

4.  43758AudioRecording.mp3 Success Match 

5. 55719AudioRecording.mp3 Success Match 

6. _75800AudioRecording.mp3 Success Match 


3.2.5. Diagnostic menu 

The doctor's diagnostic menu is one of the menus on the doctor's page. This diagnostic menu is used 
to view the record of symptoms that have been sent by the patient to the doctor. The doctor will see a list 
of Patients who consult with the doctor. Then the patient's message will be seen when the doctor chooses one 
of the names of his patients who have consulted. An example of a doctor diagnostic menu can be seen 
in Figure 9. 
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Figure 9. Diagnostic menu 


4. CONCLUSION 

This research has successfully implemented an embedded electronic stethoscope integrated with 
a mobile phone on the Android operating system. The electronic stethoscope works well in the 20 Hz-960 Hz 
frequency range according to the recommended heart or respiratory sound frequency. Volume control can 
be done through a variable resistor on board or an installed application. The electronic stethoscope can 
be connected with a loudspeaker or android mobile via a jack phone. The acquired sound is read by Steder 
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application installed on the Android phone. Steder can run well on the minimum Operating System: Ice 
Cream Sandwich. The application is integrated with Google Firebase as the cloud database server. All patient 
data will be stored in Firebase Real-Time Database, while the result of the sound recording will be stored in 
the Cloud Storage feature in Firebase. The patient can make consult with a doctor to get online real-time 
feedback. The size of Steder application in .apk format is 4.05MB and requires 42MB of RAM space when 
running. 

In the future, if this system will be applied to real-world situations, several key aspects need 
to be considered including data security risks, storage media, device calibration, coverage areas, and error 
handling. In telehealth systems, these aspects need to be considered in detail. We will propose several 
approaches that might be considered to be applied to this system in the future. The security aspect can rely 
on existing encryption on the GSM-LTE network as an addition to common security (eg user accounts for 
authentication). Cloud computing in the context of data compression can be applied to the efficiency 
of storage devices. Another method is automatic data deletion at a certain period. Another aspect 
is the expansion of the internet service area, this is expected to be resolved quickly, because this is in line 
with government programs in the framework of providing communication services even in suburban areas. 
Finally, a remote monitoring system in health applications can be realized if all supporting infrastructure can 
be put together to build it. Another thing is continuous testing in real conditions until the system 
is established. 
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